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Introduction
After parturition, cows must adapt to milk secretion, but their daily dry matter intake rarely matches the nutrient demands for that activity. Because of these extremely high nutrient requirements, cows near peak lactation are the most likely to experience amino acid deficiencies, which can limit peak milk and, in turn, decrease whole-lactation productivity.
It is known that dietary chromium (Cr) can enhance carbohydrate metabolism and affect protein synthesis, which can contribute to improved metabolic function after calving. In fact, previous studies have reported increases in milk production when supplemental Cr was utilized in diets during the first 3 weeks of lactation. Some producers have now begun feeding supplemental Cr later in lactation, but no controlled studies have evaluated whether Cr is beneficial at this stage of lactation. Furthermore, no information is available about interactions between amino acid nutrition and Cr supplementation in dairy cattle. Therefore, further investigation is necessary into responses to Cr near peak lactation, both in the presence and absence of supplemental AA.
Experimental Procedures
Forty-eight lactating Holstein cows (21 primiparous and 27 multiparous, 38 ± 15 DIM) were used in a randomized complete block design with 4 treatments. The cows were stratified by calving date into 12 blocks and assigned randomly to treatments within block. All cows were housed in tie-stalls and individually fed a common diet (Table 1) . Analysis by the Cornell Net Carbohydrate and Protein System version 6.1 (NDS version 3, Ruminant Management & Nutrition, Reggio Emilia, Italy) estimated metabolizable methionine supply at 47 g/day (2.03% of metabolizable protein) and metabolizable lysine supply at 148 g/day (6.38% of metabolizable protein) at a DMI of 22 kg/day. Treatments were premixed with ground corn and offered as a top-dress at a rate of 200 g/cow daily for 35 days. Treatments were control, Cr propionate (CrPr; 8 mg/day Cr in the form of 20 g/day KemTRACE Chromium Propionate 0.04%, Kemin Industries, Des Moines, IA), rumen-protected lysine and methionine (RPLM; 10 g/day lysine and 5 g/day methionine, intestinally available), or both (CrPr+RPLM). The RPLM supplement was composed of 48.8 g/day of LysiPEARL and 15.3 g/day of MetiPEARL (Kemin Industries). Cows were milked 3 times daily (3:00 a.m., 11:00 a.m., and 7:00 p.m.) and fed once daily (4:00 p.m.) for ad libitum intake, targeting 10% daily refusals.
Feed offered and feed refused were measured for each cow daily to determine DMI. Milk yield was recorded for each cow daily. Body weights and BCS were measured on days 1 and 35. Milk samples were collected 3 days per week and were analyzed for concentration of fat, true protein, lactose, MUN, and somatic cells. Samples of feed ingredients were collected weekly and frozen for analysis.
One cow on CrPr+RPLM developed severe mastitis on day 20 of treatment and was subsequently removed from the study. No data were collected or analyzed for this cow. Milk and DMI data were averaged by week prior to analysis. Data were analyzed using the MIXED procedure of SAS to assess the fixed effects of parity (primiparous vs. multiparous); time; CrPr; RPLM; 2-, 3-, and 4-way interactions; and the random effect of block. Significance was declared at P ≤ 0.05 and tendencies at 0.05 < P < 0.10.
Results and Discussion
Dry matter intake was significantly increased by CrPr (P < 0.05) but was not significantly affected by RPLM when fed for 5 weeks near peak lactation (Table 2) . Although neither RPLM nor CrPr significantly altered yields of milk or milk components, CrPr tended to increase ECM (P = 0.09) by 6% (Table 2 ). In addition, there was evidence of parity × CrPr interactions for both DMI (P = 0.06) and milk protein yield (P = 0.04), in both cases indicating positive responses to CrPr in primiparous cows but not in multiparous cows (Figure 1 ). Feed efficiency was unaffected, because the increases in milk yield and DMI in response to Cr supplementation paralleled each other.
The interaction of RPLM and CrPr affected milk protein content (P = 0.04, Table 2) . Somewhat counterintuitively, in the absence of CrPr, RPLM decreased milk protein content (P < 0.01), but no effect of RPLM was detected in the presence of CrPr (P = 0.77). Rumenprotected lysine and methionine also decreased the efficiency of N utilization for milk protein (P = 0.05). There was a CrPr × week interaction (P = 0.04) for lactose content, reflecting significantly greater lactose content (4.99 vs. 4.86 ± 0.036%) in response to CrPr during week 1. What caused this response or why it was transient is unclear. No treatment effects were detected for BW change or BCS change ( Table 2 ). The negative values for BW and BCS changes suggested that cows were in a catabolic state.
Plasma amino acid profiles are presented in Table 3 . The proportion of lysine significantly increased (P = 0.05) and that of methionine tended to increase (P = 0.07) in response to RPLM, as was expected when these amino acids were supplemented. On the other hand, the proportion of threonine was significantly decreased by RPLM (P < 0.01). A tendency for a CrPr × RPLM interaction (P = 0.06) was observed for tryptophan, reflecting a decreased proportion of tryptophan by CrPr in the presence of RPLM (P = 0.03), but not in the absence of RPLM (P = 0.64). The plasma lysine and methionine responses to RPLM were less than might have been expected, given the lack of increased milk protein yield. We observed approximately a 10% increase in lysine and 6% increase in methionine as a proportion of AA in response to estimated supplementation of 10 and 5 g/day, respectively, in contrast to previous findings demonstrating 30% increases or greater with similar supplementation rates.
Conclusions
The supplementation of CrPr increased DMI and tended to increase ECM yield of peak-lactation cows when fed for a 5-wk period, and DMI as well as milk protein yield was particularly enhanced in primiparous cows. The inclusion of RPLM increased lysine and tended to increase methionine as a proportion of plasma AA but decreased the efficiency of N utilization for milk protein. These findings indicate that responses to dietary Cr in the dairy cow are not limited to early lactation, but fail to demonstrate any increased responsiveness to supplemental essential amino acids when CrPr is fed. Figure 1 . Interactions of chromium propionate (CrPr) and parity for milk protein yield (A) and dry matter intake (DMI; B). Supplements were fed for 35 days near peak lactation, and DMI and milk production responses were analyzed by week throughout the study. Values are LSM ± SEM, n = 10 to 13.
